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Abstract 
A number of commercial-scale projects are currently progressing towards final investment decisions and several studies 
continue to report that substantial, global deployment of CCS can be expected by the 2050.  As CCS technology moves towards 
widespread commercial-scale deployment, developing ‘fit for purpose’ research capacity that is able to effectively support the 
development of CCS technology and policy is a significant challenge.  A number of exciting opportunities are available to help 
meet this challenge though.  For example, national centres such as the UK CCS Research Centre (UKCCSRC) aim to effectively 
accelerate capacity building and also ensure that there are excellent opportunities for CCS researchers and practitioners to share 
their learnings and identify next steps for CCS development. 
The UKCCSRC was established in spring 2012 with initial core funding provided by £10M from the Engineering and 
Physical Sciences Research Council (EPSRC) as part of the Research Councils UK Energy Programme and £2.5M in match 
funding from Centre partners.  This is complemented by £3.3M in additional funding from the UK Department of Energy and 
Climate Change (DECC) to establish new capital facilities that will support innovative research.  The Centre is ‘virtual’ 
providing strong links between around 250 academic researchers based at over 40 UK universities and research institutes and 
also linking them with over 100 industry and other stakeholder Associate members.  In addition there are over 200 Early Career 
Researchers (ECRs).  
The UKCCSRC also operates the CCS Community Network, which is a collective of over 500 engineering, technological, 
natural, environmental, social and economic members with CCS interests.  The Network facilitates knowledge exchange on all 
aspects of CCS R&D and aims to be accessible to anyone interested in contributing to research and innovation in CCS. 
The UKCCSRC has developed approaches that will allow it to meet the key strategic challenge of understanding 'real world' 
CCS deployment issues, so that the future impact of ongoing research and human and infrastructure capacity development in 
CCS can be maximised, as much as possible in advance of full-chain CCS deployment and certainly following on rapidly 
afterwards.  
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1. Introduction 
The UK Carbon Capture and Storage Research Centre (UKCCSRC) leads and coordinates a programme of 
underpinning research on all aspects of CCS (Carbon Capture and Storage) in support of basic science and UK 
government efforts on energy and climate change. 
The UKCCSRC brings together around 250 of the UK’s experienced CCS academics to provide a national focal 
point for CCS research and development. The Centre is a virtual network where academics, industry, regulators and 
others in the sector collaborate to analyse problems devise and carry out world-leading research and share delivery, 
thus maximising impact.  
A key priority is to help stimulate the UK economy by driving an integrated research programme focused on 
increasing the contribution of CCS to a low-carbon energy system for the UK. In line with the EPSRC Delivery Plan 
2011-2015, the UKCCSRC mission will be delivered through three key areas: 
x Delivering Impact  
x Developing Leaders 
x Shaping Capability 
 
Nomenclature 
ACTTROM Advanced Capture Testing in a Transportable Remotely-Operated Mini-lab 
CATO-2  Dutch national CCS programme (http://www.co2-cato.org/cato-2) 
CDT  Centre for Doctoral Training (http://www.epsrc.ac.uk/skills/students/centres/) 
CMC  Carbon Management Canada (http://www.carbonmanagementcanada.ca/) 
CO2CRC Cooperative Research Centre for Greenhouse Gas Technologies (http://www.co2crc.com.au/) 
CPD  Continuing Professional Development 
DECC  Department of Energy and Climate Change 
ECR  Early Career Researcher (see https://ukccsrc.ac.uk/membership/early-career-researchers-ecrs) 
EGR  Exhaust Gas Recycling 
FEED  Front End Engineering Design 
GHGT  Greenhouse Gas Technology conference series (http://ieaghg.org/conferences/ghgt) 
IEAGHG IEA Greenhouse Gas R&D Programme (http://ieaghg.org/) 
MoU  Memorandum of Understanding 
PCC  Post Combustion Capture 
RAPID  Research and Pathways to Impact Development (www.ukccsrc.ac.uk/rapid) 
PACT  Pilot Advanced Capture Test (facilities) (http://www.pact.ac.uk/) 
PTRC  Petroleum Technology Research Centre (http://ptrc.ca/) 
UKCCSRC UK Carbon Capture and Storage Research Centre (https://ukccsrc.ac.uk/) 
 
This paper will focus particularly on four complementary groups of activities within the UKCCSRC programme: 
1.1. Research and Pathways to Impact Development (RAPID) 
Bringing together the best available mix of academics and other stakeholders to collectively and systematically 
identify what knowledge is required to deliver CCS, what options have been considered to develop this capacity and 
what pathways might be used to ensure that research and capacity development has actual impact, through the 
UKCCSRC RAPID process; 
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1.2. Access to larger-scale research  facilities 
Getting as much exposure to larger-scale pilot plants and trial storage injections for the UK academic community 
as possible, including development of the UKCCSRC PACT facilities and links with other relevant facilities within 
the UK and overseas; 
1.3. Links with full-scale CCS projects 
Seeking to establish the closest possible links with relevant full-scale CCS projects and the people who are, or 
will be, developing, building and operating them (anywhere in the world since there are currently so few 
opportunities); and 
1.4. Early Career Researcher Activities 
Developing people through a targeted programme of activities for Early Career Researcher activities and 
encouraging people exchange between academic and relevant industrial environments. 
 
2. Research and Pathways to Impact Development (RAPID) 
2.1 Description of the RAPID process and progress to date 
Research impact and exploitation is at the core of the UKCCSRC Research and Pathways to Impact Delivery 
(RAPID) process.  By linking with industry and other CCS research users through the UKCCSRC Independent 
Advisory Panel and collaborations with other CCS stakeholder groups, these practitioners and UKCCSRC 
researchers will together operate the key feedback loop below. 
 
Fig. 1 The Energy Innovation Chain: where does R&D fit? (Based on [1]) 
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Delivering industry- relevant R&D is broken down into a four-part approach by RAPID: 
A.   Updating CCS knowledge requirements  
B.   CCS knowledge generation and management 
C. CCS knowledge delivery activities 
D. CCS capacity development and capacity delivery 
Fig. 1 shows, parts A/B/C run as a feedback/feed-forward loop between the R&D function and CCS practice 
while D, capacity development and delivery, underpins all current and future activities.  More detailed aspects of the 
parts of RAPID are shown in Fig. 2, from a UKCCSRC perspective but also with more general applicability. 
 Fig. 3 summarises UKCCSRC achievements in parts A-D respectively at the Mid Term of this 5 year 
EPSRC/DECC funded project.  Some possible new areas for cooperative development are also suggested.   
 
Fig. 2 Details of the four components in the RAPID process 
 
2.2 Notes on ‘Research Needs’ and ‘Research Priorities’  
It is reasonably feasible to be objective about knowledge requirements for any given CCS application (as in 
RAPID part A), within the limits of experience for what are new, and in some cases untried, technologies.  Aspects 
of each application where additional knowledge is required can be defined as ‘research needs’.   
a)  To convert ‘research needs’ into ‘research priorities’, for a particular CCS application, an evaluation of the 
relative costs/benefits for improvements in the knowledge for each particular aspect is required (inevitably involving 
predictions and assumptions that will introduce some uncertainty). Note that even aspects with a relatively advanced 
state of knowledge may still have a good potential payback for research and hence be a priority.  
     An alternative approach, avoiding the need to estimate research costs in advance, is that researchers are asked 
to propose research projects addressing specific aspects of an application, with guidance given on common metrics 
to estimate the benefits.  
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Fig. 3 UKCCSRC achievements in parts A-D respectively at the Mid Term of this 5 year EPSRC/DECC funded project. 
     But obviously comparing cost and benefits for research projects on different aspects of different CCS 
applications is much more difficult.  Not least, specialists and industrial organisations in each area will naturally 
favour that technology (otherwise why would they be working on it!) and cannot be trusted to make objective 
judgements between them.  But even neutral experts, should they exist, will be placed in a difficult position when it 
comes to evaluating benefits from research on different CCS applications on a common basis. 
b)  If a single application cannot be identified as a priority (for a call or for a whole programme) then application-
specific priority research problems need to be specified in some detail and invited research proposals be assessed for 
match against a problem and to obtain a diverse portfolio. 
     If the cost of delivering all defined ‘research priorities’ is expected to require significantly more than the 
funding available, e.g. more than twice the amount available, then clearly further prioritisation is required in 
advance unless funders are actually indifferent as to which small sub-fraction of a set of the research problems 
identified is addressed. 
     In this case, while not ‘picking winners’ it might be hoped that any sub-set of the list of ‘priorities’ that end up 
being carried out would not have involved picking too many obvious losers.  This will only be the case, however, if 
research needs with a relatively promising cost/benefit potential for that application were originally identified as 
priorities and have been specified in sufficient detail so that these are what is worked on. 
Practitioner input to prioritise the list of potential knowledge improvements identified for an application and/or to 
develop metrics for research benefits is essential.   
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3. Access to larger-scale research  facilities - the UKCCSRC PACT facilities 
The UKCCSRC Pilot-scale Advanced Capture Technology (PACT) facilities are national specialist R&D 
facilities for combustion and carbon capture technology research, encompassing advanced fossil-fuel energy, 
bioenergy and carbon capture and storage/utilisation technologies for power generation and industrial applications. 
The PACT facilities bring together a comprehensive range of integrated pilot-scale and accompanying specialist 
research and analytical facilities, supported by leading academic expertise. The purpose of PACT is to support and 
catalyse industrial and academic R&D in order to accelerate the development and commercialisation of novel 
technologies for carbon capture and clean power generation. PACT facilities bridge the gap between bench-scale 
R&D and large-scale industrial pilot trials, enabling users to develop and demonstrate their technologies to provide 
the necessary commercial confidence before committing to the significant costs of large-scale trails. PACT offers a 
cost-effective and comprehensive research capability by consolidating state-of-the-art facilities and providing shared 
access to industry and academia. 
The UKCCSRC PACT facilities are located across four sites with complementary capability and are operated, 
managed and supported by a consortium of six leading academic institutions (Cranfield, Edinburgh, Imperial, Leeds, 
Nottingham, and Sheffield). A separate Board oversees the activities of PACT, with representation from the 
academic institutions and ex-officio participation from DECC and the UKCCSRC. An outline of the facilities 
available at each of the PACT sites is provided below. 
 
PACT Core Facilities - located in Beighton near Sheffield this site incorporates two 300kW gas turbines and a 
250kW pulverised fuel (coal/biomass /co-firing) air/oxy rig, both systems integrated with a (1) 1 tonne/day amine 
capture plant for post combustion capture (PCC) research and (2) a synthetic gas mixing facility, enabling 
modulation of real or generation of synthetic flue/process gases for oxyfuel and PCC for power generation and 
industrial applications; pilot scale facilities are supported by comprehensive state of the art online and laboratory 
analytical capability.  See Fig. 4 for further details. 
PACT Satellite Facilities in Edinburgh Comprise ACTTROM – a mobile laboratory for long term, on site 
testing and evaluation of capture media for PCC applications.  
PACT Satellite Facilities in Cranfield Comprise Dense Phase CO2 Transport Facility for exploring the impact 
of contaminants on pipeline materials behaviour; 750kWth Burner Rig – large frame gas turbines with downstream 
high temperature deposition and materials testing; UK’s largest 75kWth Chemical Looping Rig; 150kWth PF 
Combustion Rig and a 250kWth CFB Combustor/Gasifier.  
PACT Satellite Facilities in Nottingham Through recent expansion new state of the art analytical facilities at 
Nottingham have also been made available to wider users through the PACT. 
4.  Links with full-scale CCS projects 
The UK currently has two funded FEED studies in progress under DECC’s Commercialisation Programme, the 
White Rose and Peterhead projects respectively.  At the time of writing, the UKCCSRC is supporting the 
advertisement of, and in some cases the application process for, ECR secondment opportunities at both projects. 
Both projects have also given presentations at a range of UKCCSRC meetings.  The publication of detailed results 
from the FEED studies is expected to be limited by commercial considerations until after the Government has 
decided on support but extensive knowledge transfer is anticipated after this.  
The UKCCSRC also has an MOU with SaskPower, the owner of the first large-scale power plant CCS project in 
the world. This has already provided helped to provide access for two UK researchers to the Aquistore facilities for 
CO2 storage managed by PTRC; access to other aspects of the project is expected as it enters operation in late 2014. 
A clear objective for the UKCCSRC is to form links with other overseas large-scale projects as they are confirmed. 
5.  Early Career Researcher Activities 
The Centre has always placed a high priority on capacity development, and has a dedicated strand of work to 
provide a wide range of support to Early Career Researchers and to Centres for Doctoral Training.  
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5.1 Early Career Researcher Strategy 
The Centre’s ECR Strategy sets out in detail how the Centre will support the training and skills needs to develop 
the next generation(s) of CCS practitioners. The ECR programme aims to provide emerging and future CCS leaders 
with the best possible breadth and depth of experience and contacts. It will develop capacity by giving ECRs 
opportunities forþbest-with-bestÿcollaboration, both within and beyond the UK. 
5.2 ECR Strategy 
The primary aim of UKCCSRC ECR training activities is to allow UK-based ECRs with a broad range of 
specialist interests to improve their knowledge and understanding of the whole CCS chain. These activities will 
allow ECRs to place their work in context at an early stage, leading to improved relevance and impact for UK 
academic CCS research.  
A review of the UKCCSRC ECR programme carried out in 2013 found that 80% of ECRs who responded to a 
survey circulated to ECR members reported that UKCCSRC ECR activities had enhanced their understanding of the 
CCS chain. They also valued the networking opportunities and interaction with peers that the programme offers. 
Similar feedback was also received from academics who responded to a survey targeted at supervisors/line 
managers as part of the review. 
The findings of this review were used to inform the new UKCCSRC Early Career Researcher (ECR Strategy). 
5.3 International ECR Exchange Programme  
The UKCCSRC Network Early Career Researcher (ECR) International Exchange Fund offers a mechanism for 
UK based ECRs working and studying within the academic UK CCS community to work with the best CCS 
researchers around the world. Funds are available to support and strengthen both emerging and existing international 
collaborations.   Awards are available for exchanges of between one week and one month, with the value of awards 
from £1,000 for a week’s visit to £5,000 for one month.  
5.4 ECR Meeting Attendance Fund  
The Centre has established a meeting fund to provide a mechanism for UK based Early Career Researchers 
(ECRS) working and studying within the academic UK CCS community to attend UKCCSRC meetings, such as the 
biannual meetings, that they would not otherwise be able to attend. 
It is expected that supporting ECRs (via this fund) to attend UKCCSRC meetings will contribute to their overall 
education in Carbon Capture and Storage (CCS) and presents an opportunity to ECRs to network with peers, key 
figures in the CCS academic community and industry representatives. 
Since its establishment in February 2014, the ECR Meeting Fund has supported 37 ECRs representing 12 
different UK institutions attending four different meetings including two UKCCSRC Biannual Meetings 
(Cambridge Biannual, April 2014; OxyCAP OxyCORR Workshops, London, 2014; 1st North Sea CCS Researchers 
Conference, Rotterdam, June 2014; Cardiff Biannual, September 2014).  Some of the 37 ECRs have attended two 
meetings, which is the maximum number of meetings applicants can be funded for in any calendar year. 
5.5 CCS CPD Course 
In 2013 a 5 day long UKCCSRC CCS CPD Course was delivered at the University of Leeds, with support 
provided to 12 ECRs to attend. In 2014, a shorter format (2 days rather than 5 days) was offered immediately before 
the Cardiff Biannual and 13 ECRs were provided with fully funded places. Feedback from participants and 
consultation with relevant practitioners will be sought to inform the format of the course for future years. 
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5.6 Links with Centres for Doctoral Training 
The UKCCSRC has already begun developing links with the Nottingham-led CDT with a view to supporting the 
development of their Winter School in 2015/2016. The UKCCSRC has also made plans to explore future links with 
the NERC DTP and the Bioenergy CDT. 
5.7 PACT Training Materials 
Plans are in place to support the development of a PACT training module for use in CDT programmes at the core 
PACT facilities in Beighton. As this module would also be beneficial to other, non-CDT ECRS, it is planned that a 
version of the module will be developed as a short course that could be made available to UKCCSRC ECRs and 
others. 
5.8 ECR Professional Development Bursaries 
In July 2013, ECRs who contributed presentations or who participated as Chairs in the Annual ECR Meeting in 
Newcastle were awarded with professional development bursaries, depending on the level of their contribution to 
the meeting. In total 14 ECRs representing 6 different UK institutions were awarded with bursaries of either £500 or 
£1000.  
5.9 Support for ECR attendance at IEAGHG Summer Schools, GHGT-11 ECR Programme 
The GHGT conference series is the leading international CCS conference series. In 2012, UKCCSRC worked 
with IEAGHG (who provide the driving force behind this conference) to co-deliver a student mentoring programme 
involving UK and international students. UKCCSRC supported 10 UK students to attend GHGT-11 as part of this 
programme and also provide mentors who helped to enrich the experience of the student participants. 
UKCCSRC has also worked with IEAGHG to encourage participation of UK students in their flagship Summer 
School. In 2013, the UKCCSRC Network Manager was a member of the local organising committee for the 
Summer School, which has hosted in Nottingham. Summer School participants also enjoyed the opportunity to visit 
the PACT Core Facilities at Beighton, near Sheffield. In 2014, a substantial number of high quality applications 
were received by IEAGHG from UK students leading to a total of 7 students being selected to attend (compared to 
an annual plan target of 4). 
5.10 ECR Portal (jobs, opportunities etc.)  
The ECR section of the UKCCSRC website contains a directory of ECR researchers, information on the 
UKCCSRC Education Task Force and details of all funding opportunities available to ECRs. 
The website also has a designated area, which is regularly updated, where job and secondment opportunities are 
advertised.  
Details of job and secondment opportunities are flagged up in the centre’s fortnightly newsletter as is other 
information of interest to ECRs, in the designated ECR section of the newsletter. Various social media platforms 
(Facebook, Twitter and LinkedIn) are also used to encourage interaction between ECR members and the centre. 
5.11 ECR Task Force  
The UKCCSRC ECR Task Force is a group who recommend and advise on a programme of activities to support 
the education and training of ECRs in the area of Carbon Capture and Storage (CCS), with a particular focus on 
ECRs who are not currently members of CDTs or similar activities.  
In order to meet its goal of furthering ECRs’ understanding and capacity in the areas of CCS through strategic 
development of future training programmes, the ECR Task Force recently called for applications from ECRs 
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wishing to join the group in return for a professional development bursary of £500 for a year’s service. Seven 
applications were received and at the time of writing are being considered by the Education Task Force. 
5.12 ECR Links with other CCS Research Centres  
CATO-2 - The UKCCSRC and CATO2 organised a joint ECR meeting in York in March 2014. 12 ECRs 
representing 8 different UK institutions attended. There were 19 participants from the Netherlands representing 
CATO-2, TNO and five different universities who in addition to attending the meeting visited Drax Power Station 
and PACT in Beighton. 
On the 18th June 2014, UKCCSRC ECRs participated in the 1st North Sea Young CCS Researchers Conference, 
Rotterdam June 2014, hosted by CATO-2 in the Netherlands. The meeting included field excursions to the 
Maasvlakte E-ON power plant and pilot plant. ECRs from different CCS institutions around the North Sea (UK, the 
Netherlands, Norway and Germany) presented on their research projects during the meeting and also negotiated an 
‘Amsterdam Declaration’ which was presented to John Gale, General Manager, IEAGHG at CATO-2’s 7th Dutch 
CCS Symposium in Amsterdam on June 19 2014. 
Carbon Management Canada (CMC) - In 2013, UKCCSRC and CMC agreed to facilitate a series of ECR 
exchanges which resulted in two UK ECRs representing two different UK institutions undertaking exchanges to 
Canada. In addition three ECRs from the University of Calgary came to the UK to undertake placements in the 
University of Leeds, University of Nottingham and University of Birmingham (with these trips taking place in 
2014). 
In May 2014, the UKCCSRC and CMC signed an MoU outlining a commitment to further ECR exchanges in the 
future. 
CO2CRC - In July 2014, the UKCCSRC and CO2CRC signed an MoU outlining a commitment to facilitate 
exchanges by UK ECRs to Australia initially with exchanges from Australia to the UK funding dependent. 
6.  Concluding comments 
A range of capacity building activities that have been undertaken up to the half-way point in the current five year 
phase of the UKCCSRC have been described.  In general these are expected to continue in the second half of the 
project, but with the benefit of experience and established protocols for running them and extended to additional 
partners and a wider range of activities where appropriate.  The UKCCSRC PACT facilities are now also established 
and a valuable component in UKCCSRC research and training activities.  
It is likely that the biggest developments in UKCCSRC capacity building over the next years will be through 
international collaboration.  Links have been initiated with a number of overseas partners and these will be built on 
and extended more widely.  
At this critical, but very exciting, time for CCS, as the first full-chain projects are being started and plans are 
being made for a second tranche of projects, working together can give all partners access to a much wider range of 
facilities, staff development opportunities and insights into leading-edge CCS practice than any single country can 
provide. 
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